I. INTRODUCTION
In recent years, there has been a growing intense interest in polycrystalline ceramic garnets doped with trivalent rare earth ͑RE͒ ions for their spectroscopic characteristics favorable for potential laser devices. [1] [2] [3] [4] [5] [6] The polycrystalline ceramic garnets doped with RE ions are aggregates of nanocrystalline grains, each randomly oriented with respect to neighboring grains. [1] [2] [3] These materials have optical, thermal, and physical properties that are comparable to those of single-crystal rods currently in use in numerous laser applications. [4] [5] [6] Consequently, the ceramic rare earth iondoped garnets have significant potential since they can be fabricated into unique and large strain-free dimensions that are less expensive to fabricate in appropriate sizes of polished and coated geometries. 3 Although the Nd 3+ : YAG ͑yt-trium aluminum garnet͒ single-crystal rod is one of the most studied and important commercial laser systems, it has several serious limitations. For example, the Nd 3+ ion concentration cannot exceed 1.4 at. wt % without serious deterioration of the optical and physical-structural properties, and it is very difficult to grow a large-size laser amplifying medium that is essential for high optical gain. 7 In recent years, these drawbacks have been eliminated significantly by the development of polycrystalline ceramic YAG, which can be produced in large quantities and sizes and with higher Nd 3+ dopant concentrations than obtained with single crystals.
In 
where is in microns, and A = 1.000 000, B = 2.577 711, C = 0.000 192, D = 0.039 384, and E = 5.260 490 are the Sellmeier coefficients for Y 2 O 3 .
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The room temperature absorption spectrum of ceramic Nd 3+ ͑4f 3+ ͒ :Y 2 O 3 was recorded using an upgraded Cary model 14R spectrophotometer controlled by a desktop computer. The room temperature spectrum is given in Fig. 1 was also measured by exciting the sample with the 514.5 nm line from the argon-ion laser; the laser light was pulsed at 100 Hz. The decay signal was then captured with a digital phosphor oscilloscope ͑Tektronix TDS 3054B͒. The lifetime appeared to be nonexponential due to the energy migration among the Nd 3+ activator ions.
III. RESULTS AND DATA ANALYSIS

A. Method of analysis
Ten absorption bands identified in the room temperature absorption spectra between 300 and 1000 nm, shown in Fig.  1 , are tabulated in Table I given in the following paragraphs. More details regarding the theory and applications can be found in the literature.
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The manifold line strength, S meas ͑J → JЈ͒, of the absorption band is determined using the following equation:
where J and JЈ are the total angular momentum quantum numbers of the initial and final states, respectively, n is the refractive index of the host material, N 0 is the Nd 3+ concentration, is the mean wavelength of the specific absorption band, ⌫ = ͐␣͑͒d is the integrated absorption coefficient as a function of , and c and h have their usual meaning. The factor ͓9/͑n 2 +2͒ 2 ͔ in Eq. ͑2͒ represents the Lorentz field correction for the Nd 3+ ion in the dielectric host medium, assuming that the transitions are forced electric dipole transitions for Nd +3 ions in the C 2 symmetry sites in the Y 2 O 3 lattice. The role of magnetic dipole transitions in the Nd 3+ spectra and the spectral contribution associated with Nd 3+ in the second site in Y 2 O 3 , namely, the inversion site C 3i , are discussed by Morrison et al. 16 and Gruber et al. 17 Using the values of the Sellmeier coefficients, indices of refraction for the appropriate mean wavelengths of the Nd 3+ absorption transition bands were calculated using Eq. ͑1͒; these values are given in Table II . The measured line strengths were then used to obtain the JO parameters ⍀ 2 , ⍀ 4 , and ⍀ 6 by solving a set of ten equations for the corresponding transitions between the J and JЈ manifolds in the following form:
where a and b denote other quantum numbers specifying the initial and final eigenstates, respectively, and the matrix elements ͗ʈU ͑t͒ ʈ͘ are doubly reduced unit tensor operators of rank t calculated in the intermediate-coupling approximation and are independent of the crystal host. The JO parameters ⍀ 2 , ⍀ 4 , and ⍀ 6 , that are treated as phenomenological parameters, tend to vary from host to host with the local environment due to the charges and positions of the ligand ions. 25 Values of the reduced matrix elements for the chosen Nd 3+ bands are taken from Ref. 25 . When two or more absorption manifolds overlapped, the squared matrix element was taken to be the sum of the corresponding squared matrix elements; these values are given in Table I . The values of the measured absorption line strengths S meas are also given in Table II The spectroscopic quality factor, X = ⍀ 4 / ⍀ 6 , for the ceramic Nd 3+ :Y 2 O 3 laser material was found to be 0.96. The spectroscopic quality factor, however, has been found to vary from 0.22 to 1.5 for Nd 3+ in different host materials. 25 Values of the intensity parameters have been used to recalculate the transition line strengths of the absorption bands using Eq. ͑2͒. The calculated line strengths S calc are tabulated in Table  II . A measure of the accuracy of the fit is given by the rms deviation,
where ⌬S = S calc − S meas is the deviation, q is the number of spectral bands analyzed, and p is the number of the param- The ratio of these two values yields a rms error of about 11%, which is the relative error of fit and falls at the lower end of the range of 5%-25%, as obtained by the application of the JO theory to other laser materials. [25] [26] [27] The JO parameters can now be applied to Eq. ͑3͒ to calculate the emission line strengths corresponding to the transitions from the upper manifold 4 F 3/2 to the lower-lying multiplet manifolds 4 I J Ј ͑JЈ =15/2,13/2,11/2,9/2͒ of
. These values are given in Table  III . Using these calculated line strengths, the probabilities or radiative rates, A ͑J → JЈ͒, for the transitions between an excited state and the lower-lying terminal levels can be calculated using the following expression:
The radiative lifetime r of the excited state 4 F 3/2 ͑J =3/2͒ is calculated by taking the reciprocal of the sum of transition probabilities for transitions originating on the specific excited state and terminating in all possible terminal manifolds,
where the sum is taken over all the final lower-lying states JЈ. The radiative rates for all four transitions given in Table  III are added to obtain the total radiative rate of 588.36 s −1 for the 4 F 3/2 metastable state. The radiative lifetime of this level is, therefore, determined to be 1.70 ms.
B. Branching ratios and fluorescence decay
The fluorescence branching ratios, ␤͑J → JЈ͒, for transitions originating on a specific initial manifold are determined from the radiative decay rates by using the following equation:
where the sum runs over all final states JЈ. These values of the branching ratios and the radiative lifetimes are given in Table IV . The fluorescence branching ratio is a critical parameter to the laser designer, because it characterizes the possibility of attaining stimulated emission from any specific transition. Fig. 3 and the fluorescence decay curve is given in Fig. 4 . The fluorescence spectrum exhibits nine wellresolved bands that are due to the inter-Stark transitions within the 4 F 3/2 and 4 I 11/2 multiplet manifolds. The strongest peak in the spectrum, however, appears at about 1.079 m. ceramic host. 14 The intensity of the strongest emission line at 1079 nm is about two times higher than most of the lines in Fig. 3 .
C. Inter-Stark and intermanifold emission cross sections
The detailed characterization of the Stark energy levels of the 4 I 9/2 and 4 I 11/2 multiplets has been determined from the room temperature emission spectra for the 4 Fig. 5 .
The inter-Stark emission cross sections can be determined from the corresponding spectral line shapes provided that they are properly resolved. The peak emission cross section for the inter-Stark transition is one of the most important parameters of laser design because it describes the maximum spatial amplification of emission intensity. Since the line shapes for the R 1 → X 5 ͑947 nm͒ and R 1 → Y 2 ͑1079 nm͒ inter-Stark transitions of Nd 3+ ͑4f 3 ͒ in ceramic Y 2 O 3 can be accurately fitted by a Gaussian line shape with a respective full width at half maximum ͑FWHM͒ of 29.0 and 14.6 cm −1 , the peak emission cross sections ͑ p ͒ for these transitions can be expressed accordingly in the following equations:
where p is the wavelength at the peak position of the emission band, c is the speed of light, and ⌬ is the FWHM linewidth. The radiative probabilities of the inter-Stark transitions R 1 → X 5 and R 1 → Y 2 can be expressed in the following respective equations:
and
where ⌬ is the difference in energy between the Stark levels R 1 and R 2 of the 4 F 3/2 manifold, k is the Boltzmann constant, T is the absolute temperature, ͑ The peak emission cross sections of the inter-Stark transitions at 947 and 1079 are obtained by substituting the values for intermanifold branching ratios and radiative lifetime from Table III and the values of ⌬, p , ⌬, and n in Eqs. ͑8͒ and ͑9͒. These values are given in where is the wavelength at the peak emission, = −1 is the wave number, ␤ ͑J , JЈ͒ is the fluorescence branching ratio for the transition from the upper manifold J to the lower manifold JЈ, J is the radiative lifetime of the excited manifold J ͑J =3/2͒, and g͑͒ is the line shape function. The line shape function is obtained from the fluorescence spectrum using the following expression: 
where I͑͒ is the intensity at . 
